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(71) We, Unisbarch Limited, a com- 
pany limited by guarantee and Incorporated 
under ihe laws of the State of Now SouUx 
Wales, Commonwealth of Australia, of 
221—227 Anzac Parade, Kensington. New 
South Wales, CommonwcaUh of Australia, 
do hereby declare the invention, for which 
w pray that a patent may be granted to 
us, and the method by which it is to be 
performed, to be particularly described in 
and by the foUowing stotemcnt:— 

TliiB invention relates to an apparatus 
(hereinafter calkd the type described) 
which, aldiough goneraUy capable of effect- 
ing the measurement of the electrical prop- 
erties of a gas or of solid particles, is 
primarily Intended for the clecdn>6tatic pre- 
cipitation of solid particles from a gas coriy- 
ing the particles in suspension and the sub- 
sequent measurement of the several electri** 
cal properties of the precipitated p&rtlcles 
and/or the carrier gas. Particles carried by 

res are commonly known as dispersoids. 
the art of electrostatic precipitation, the 
proixrties of both tlie dispersoid and the 
carrier gas in which the dispersoid is carried, 
are very important ElectrosUtic precipi- 
tators are devices widely used to remove 
solid particles from flue gases which are 
emitted, for example, from the boilers of 
power generating stations or which are con- 
tained in the gaseous effluent from chen?ical 
plants. 

The pwsent invention provides an im* 
proved apparatus for measuring those 
electrical properties of dJspersoida and 
Ihelr carrier gases which are of great Jm- 
portance in the theory, design and operation 
of electrostatic prccijpitaton. 

A particular application of the invention 
Is m the collection of suspended particles 
from the flue gas of, for example, the boiler 
of a generating station and the measurement 
of their resisuvlty and other characteristics. 

Resistivity measurements of such par- 
ticles have in fhc past been made in a 
variety of ways, but it has come to be 
recognised that such measuiments have 
[Price 5s. 0dJ23p)] 



little or no validity unless the particles are 
maintained in the flue gas environment dur- 50 
Ing the whole collecting and measuxlng pro- 
cedure and under very close temperature 
control. A further important factor is to 
ensure dial the resistivity of the whole popu- 
lation of particles is measured whidi n> 55 
quires that the apparatus used should be 
such as 10 collect as far as possible all the 
particles In the gas. 

The jfreeent invention provides an appar- 
atus which mcMS all these requirements m a 60 
higher degree than other apparatus at pre- 
sent available, which falls snort in one or 
mora of these respects. It provides further- 
more apparatus which is also capable of 
more general application in the field of 65 
measurement of the electrical properties of 
gases and particles of matter. 

According to the invention the apparatus 
consists of an enclosure having witbin It a 
precipitating chamber, there being a gas inlet 70 
to the precipitatLog chamber and a gas outlet 
from the precipltstting chamber, electro- 
static precipitator means withm the precipi- 
tating chamber including a surfaoe on which 
partldes of matter suspended in the gas in 75 
the precipitating chamber can be precipi- 
tated, a measuring chamber arranged so 
dmt partidea collected on said surface may 
be trangferred directly from tho sold surface 
to the measuring chamber by rappmg the 80 
apparatus, measuring electrodes in the 
measuring chamber aefining between them 
a particle receiving zone, electrical heaiine 
means being provided In association wi£ 
said enclosure for heating said enclosure, 85 
thermo-sensitive means associated with said 
electrical heating means whereby the in< 
terior of said enclosure may be maintained 
at a predetermined temperature and means 
whereby electrical connection may be made 90 
to said electrostatic precipitator means, to 
said electrodes and to saicf electrical heating 
and theimo-sensltive means. 

In order that the invention may be beUer 
underetaod and put hito practice a preferred 95 
form thrmf is hereinafter described by way 
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of eumple only with icfefcnce to Ihc 
accompaayiog drawings in which: — 

Fig. 1 is a longitudinal Kctioaa] View ox 
the appartius. In ih€ median plane, and 
5 Fig. 2 is a e«:aoB»I plan view on hne 
2-2 of Fig. 1. , , . 

The apparatus consisU In an encloiuro in 
ihe fonn of a cyJindrical outer shcci metal 
casing 10 cadosing a layer of thermal Insu- 

10 laiing material 1 1 which may be for example 
fibre glass. The upper end of the casmg 
ii closed by a removable can 12 of wmilai 
construction. After removal of the cap 12 
Ihe casing 10 together with the insulai ng 

15 layer may be removed by undoing the quick 
release clamps 13 shown in Fig. 2 (these 
have been omitted from Fig, 1 Xor tne 
sake of clarity) as the casing is split on 
the line 14 of Fig. 2, 

20 The apparatus proper is m two parts» an 
upper precipitating chamber indicated gen- 
erally at 15 and a lower measuring chamber 
bdioited gencraUy at 16, these chambers 
being flanged at their lower and upper ends 

23 rtspectivefy and being connected bvmea^ 
of a bayonet joint which is locked by the 
quick release clamp 17. The arrangement 
ffl such that after release of the clamp 17 
relative partial rotation of the chamters 

30 enables them to be separated. An O ru^g 
19 ensures a gas light ™ 
chambers when connected. It will.vbc ap- 
preciated that the form of connection UBCd 
between the chambera is largely » 

35 of convenience and any oihcr suitable form 
of connection that allows easy separation 
of the chamber for cmptyine and ckamng 
the apparatus may be used. ^ 
The precipitation chamber consists of a 

40 cylindrical wall 18 made preferably from 
a light alloy the interior surface of which is 
accurately and smoothly finished lo a pre- 
detcfTOined diameter and hard chrome 
plated. The choice of a light alloy Is to 

45 Jtduce the weight of the apparatus as far 
as possible to make it easily P^r^^^ble and 
thus convenient to use In the 
materials used are also chosen for lightness 
where operating requirements I^nnit. 

50 The prccipluiting chamber 

its upper end by a plate 21 welded to ihc 
wall Tfand through the centre of this passes 
a high tension insulated electrode 22 which 
Ss supponed in the bush 23. The electrode 

55 72 is connected at Its lower end lo the 
discharge ckcirodc which consists or a 
length of stainless steel wire 24 which la 
placed centrally within the cylindrical wall 
18 The wire 24 extends between the jnsu- 

60 lator bar 25 at its lower end and the spHng 
26 at Its upper end. which mamtams the 
wire in tension. The lower end of the wire 
Is foiined with a bead 27 which hes withto 
Ihe cap 28 into which the screw 31 ij 

65 thieaded. Initial tension may be appucd 



U) the wilt 24 by means of the screw 31. 

The cylindrical wail 18 is sunounded by 
an electrical beating element 32. which en- 
ables ihe pxecipiiation chamber to be mam* 
Cained at a predetermined lemperaiure by 70 
means of the thermocouple 33. This may 
be placed in the central portion of the 
cylindrical wall 18 instead o! at one end as 
shown or a number of diennocouples may 
be used. ^ 

A carrier gas inlet 34 is orovided at 
the lower end of the precipitation chamber 
and a carrier gas outlet 35 at the upper 
end BO that flue gas may be caused to pass 
through the precipitatloB chamber duecily 80 
from a fluc< . . , , ^ 

The measuring chamber 16 Is anvigefl 
Immediately below the precipitation cham- 
ber 15 and is provided with an accumtely 
cylindrical internal waU 36 concentric with 85 
that of the precipitolion chamber. The wall 
36 is screwed into the main body 37 of the 
measuring chamber and both arc connected 
to earth mroogb the terminal 38. An annu- 
lar electrode 41 surrounded by an electrical 90 
insulating layer 42 is provided at die lower 
end of the wall 36 and an electrical con- 
nection to this electrode is provided through 
the terminal 43 and the screened lead 44. 

Within the measurina chamber a ceijtral y> 
electrode 45 is arranged and this is hollow 
and externally concentric with the annular 
electrode 41. The upper end of the elec- 
trode 45 is winical to ensure that panickrs 
falling on ji may be caused to fall mto the 100 
particle receiving lone between the elec- 
trodes 41 anil 45 when the apparatus is 

''^electrode 45 is mounted in the bol- 
torn of the measuring chamber by moans of I05 
the bush 46 to which it is screwed. Boih 
are electrically insuUtcd from the measuring 
chamber by mica washers and 'O* rings and 
electrical connection Is made to the electrode 
45 through the shielded lead 47. 

Electrical beaters 48 and 51 are arranaed 
around the measuring chamber and within 
the electrode 45 respectively and these are 
controlled by the dicimocouples 52 and 53. 
All the leads shown emerging from the i\> 
bottom of the measuring chamber are 
carried out of the base of the apparatus in 
a single scrooned cable (not shown) and 
through it connected to the necessary meas- 
uring and control apparatus. These are izu 
neither shown nor described as they are 
conventional and used in q known manner 
lo make the measurements made possible 
by the construction of the apparatus. 

TTie apparatus is supported on a light 
stand 54 made of light alloy tubing so that 
it may be readily set up at a suitable pomt 
in relation to the phuil on which testa are 
to be carried out. . , .^^ . ^^f^ 

In use the carrier ggs iabt 34 u connected 130 
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Co a gas probe lusertcd m the carrier £B8 
fitreain to be tested and the gas outlet 35 
JS retumed to the gas streaoi at some ooa* 
vcnioat point. 

5 While the primary purpose of the appar^ 
atus is 10 remove from the carrier gas stream 
any dlspcrsoids carried in the gas and col- 
Jccc chcm in ihe particles receiving zone 
10 such a manner dial their clecirlcal char- 
10 acteristics, particularly resistivity, may be 
measured under controlled condiu'ons. as 
described below, the apparatus also enables 
measurements lo be made in respect of the 
carrier gas itself. 

15 The precipitating chamber Is essentially 
an electrostatic precipitator the geometry of 
which is such as to fadUiato the interpreta- 
tion of measurements made, in terms of the 
physical characteristics of the carrier gas. by 

20 avoiding difficult and kngihy calculation. 
The use of a cylindrical wall 18 with a dis- 
charge electrode in the form of a wire 24 
at its centre achieves this end. In use a 
hlfth potential is applied to the wire 24 in 

25 relation to the cylindrical wall 18 to pro- 
duce an electrical field which causes ionise 
ation of the gas and corona current flow 
whidi may be measured in a known manner 
With suitable Instrumenta The temperature 

30 of the gas being tested may be mamtaioed 
accurately at any desired level by means 
of the electric heating clement 32 and the 
thermocouple 33. 

.-P*? apparatus shown may be modified 
35 if deiired when making gas carrier measure- 
ments, to avoid fringe and lealcage effects, 
by Inserting within the cylindrical wall 18 a 
cylindrical liner of electrically insulating 
material, which has deposited on its imier 
40 face three separate annular bands of clec- 
tricallv conductNe material the two outer 
of which are connected directly to earth 
and conctitute guard rings to deal with 
fringe and leakage currents, while the central 
45 band, which is arranged around the central 
porUon of the wire Z4, is connected to 
enrlh tlirough appropriate measuring instru- 
ments such as ammeters, microammeters« 
electrometers, cathodc^ray oscilloscopes, 
50 spark rate counters or a combinatioa of 
such instruments. 

To carry out resistivity measurements on 
dispersoids In a flue gas, gas from the flue 
is allowed to flow through the precipitating 
55 chamber, by the orecipitallng action of the 
electrical field solid particles in suspension 
are deposited on the surfaoo of cylindrical 
wall 18. The degree of precipitation that 
can be obtained is better than 99%. which 
oO Is most Important if meanhigful results are 
to be obialncd. It is essential to collect as 
far as possible all suspended particles from 
the gas as U aome section of the population 
of particles is omitted it can have a serious 



effect on the validity of (he final measura- 65 
meat 

When an adequate auaniity of particles 
has been collected to nil the annular par- 
ticle receiving zone between the annular 
electrode 41 and the central electrode 45 in 70 
the measuring chamber 16 (this is ivadily 
detcnnlned by experience and can be 
chocked by measurement as oxplahied 
below) the apparatus is rapped to cause 
the direct and immediate transfer of par- 75 
ticks to the jparlide xeocivina zone, The 
term **rappcd is well known m the art and 
Includes Upping or striking the apparatus 
or otherwise acting on it to shake looso the 
panicles collected. These are subsequently 80 
compacted by vibrating the apparatus for a 
predetermined period to obtain a standard- 
ised degree of compaction of the particles. 

The electrical heating elements 48 and 51 
and thermocouples 52 and 53 are used co 85 
maintain the measuring chamber at an 
exactly predetermined temperature. This is 
also most important in obtaining meaning- 
ful and repeatable results as the resistivity 
of the panicles varies substanilaUy with 90 
temperature. The ability of the apparatus 
to make measurements at a range of differ- 
ent temperatures can provide valuable in- 
fonnaiion which may be used as a aulde In 
the operation of the plant in connection with 95 
wlilcn measurements are being made. 

The rcfilsclvity of the sample collected Is 
meaBUrod by applyhig a Known voltagp 
across it and mcasurlii the current It Js 
unnecessary to discuss the techniques of 100 
measurement and these are well understood. 
It suffices to say that by the use of direct 
or alternating current aad suitable measur- 
ing instruments and bridges a variety of 
parameters of the collected particles such 105 
as resisliyity. ncrmiuivity, loss angle, break- 
down strength and polarisation may be 
measured. Such measurements may be 
readily used to provide an Indication that 
the panicle receiving zone between the 110 
measuring electrodes 41 and 45 is in fact 
full. 

The apparatus described above as em- 
bodying the invention while preferred Is but 
one form in which apparatus accordbg to 115 
the invention may be constructed and those 
skilled m the art will be capable of readily 
devising alternative forms of construction* 

It should be noted however that a satis- 
factory aj>parBtU8 such as that doscribcd 120 
must provide the following features. 

1. Effective precipitation of as nearly 
all particles in the carrier gas stream sample 
as possible. 

2. Direct transfer of collected particles 125 
to a measuring diamber. 

3. Maintenance of the collected particles 
at all times in the flue gas environment. 
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4. Effective and accuwe coatiol of 
temperature throughout the appif»iui. 

Other feaiuiw roch as llahtncas. portabil- 
ity, robusuiCM and general caic of uae a» 
also most desirable. , , 

5 While the fuU potenliahty of Ae appar- 
atus according to the invention jb realisfsd 
only when uwd to measure the propcitles 
of particles precfpltticd In the appartiuj 
from a carrier gas, it will bo clear to those 

10 skilled in the art that the apparatus could be 
used for measuring the properties of a gal 
which did not contoin wbd particles in 
suspension or for measuring the properties 
of solid panldea The apparatus would, 

15 however, have no special tdvaaiagps for 
these purposes as such measurements could 
equally well be carried out in eaistmg appar- 
atus. 

WHAT WE CLAIM IS : - 

20 1. An apparaluB of the type dcscnbod, 
said apparatus comprising an enclosure 
having within it a precipitating chamber, 
there being a gas inlci to the precipltatmg 
chamtor and a gas outlet from the precipe 

25 uting chamber, electrostatic orecipitBlor 
means within the preciplUtmg chamber in- 
cluding a surface on which panicles ol 
matter suspended in the gas in the precipi- 
tating chamber can be precipitated, a meas- 

30 uring chamber arran^od so that particles 
collected on said surface may be transrerren 
directly from the said surface to the measur- 
ing chamber by rapping Ae apparatus, 
measuring electrodes In the measuring 

35 chamber defining between them a particle 
icceiving zone, electrical heatmg means 
being provided in association with said en- 
closure for heating said enclosure^ thcmio- 
sensitWe means associated with said clcctri- 

40 cal heating means whereby the interior of 
said enclosure may be malniaiacd at a pre- 
determined temperature and means whereby 
electrical connection may be made to said 
electrostatic precipitator means, to said eiec- 

45 trodes and to said electrical hcaUng and 
thcrmo-seniiiivc means. . . ^ . , 
2. An apparatus as claimed in Claim 1, 
whcreu the precipitating chamber Is 



bounded by a cylindrical wall which consu- 
tuiea the collector electrode of the ekciro- 50 
static pimpilator means and the interior 
surface of which constitures the said surfaoc. 
the clectrosUlic precipitator means also ro- 
duding a dischaiBC electrode in the fonn of 
a circular wire fylng on the polar axis of 53 
die cylindrical wafl. . 

3. An apparatus as claimed m Qstm 2 
wherein the measuring chamber is cylindri- 
cal in form and is disposed unmediaicly 
below the precipitating chamber in the nor- oO 
mal position of use of the apparaius and 

as an axial oontiDUation thereof, and where- 
in the measuring clectrodca consiit of an 
outer annular elccirode within which and 
concentric with ?*ich lies an inner electrtjde 65 
of circukr ^don, the particle receiving 
zone defined between the measuring elec- 
trodes being annular. ^ . ^ . 'i 

4. An appamtus as clamied in Claim 3 
wherein the said eksctric heating means con* 70 
sitts in a first electric heater arranged around 

the Mid cylindrical wall a second eksctno 
heater arrsjngcd around the aaid outer annu- 
lar electrode and a third electric heater ar- 
ranied within aaid Inner electrode. ^3 

5. An apparatus as claimed in any one 
of the preceding claims whewhi the cn- 
closurc Is made in two parts to permit the 
precipitating chamber to be separated from 

the measaring chamber and reconnected 80 
thereto at wll 

6. An apparatus as claimed m any one 
of the preceding claims wherem the en- 
closure is surrounded by a Uyer of thermal 
insulating material. 

7. An apparatus for mcasurmg the 
electrical properties of carrier gares and 
solid particles carried thereby substantially 
as shown in and as described with reference 

to the aooompaayhig drawings. 90 

For the Applicants : — 
F. J. CLEVELAND & COMPANY. 
Oiartered Patent Agents, 
Lueohi's Inn Qiambers. 
40-^3 Chancery Lane, 
London. W.C.2. 
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fram whtch copies may be ohialoed. 



BEST AVAILABLE COPY 



120B324 COMPLETE SPECIFICATION 

2 SUFI^ ^'Wfnf It 0 reprorfttctlan of 
^nccij (he Or/final «n « rerfuetrf icab 

Shtat 1 




BEST AVAILABLE COPY 



1205324 COMPLETE SPECIFICATION 
7 CUFFTC ^f'*"i>t It 4 npraduttlan of 

Shaet 2 




BEST AVAILABLE COPY 



